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GEOLOGY OF THE NIMROD AREA 
GRANITE COUNTY, MONTANA
Joel K. Montgomery 
ABSTRACT
A township in the Garnet Range of western Montana 
was mapped and studied in detail. The area, which is 
heavily forested, has rugged topography and a maturely dis­
sected erosion surface of low relief. Sedimentary rocks 
range in age from pre-Cambrian to Recent and comprise a 
stratigraphie sequence approximately 20,000 feet in thick­
ness. The Missoula group of upper Proterozoic age consists 
of sandstones, quartzites, and argillites, which were de­
posited in shallow seas. Paleozoic and Mesozoic rocks of 
marine origin consist dominantly of limestone with lesser 
amounts of dolomite, shale, siltstone, and quartzite. 
Ordovician, Silurian, Triassic, Cretaceous, and Tertiary 
strata are absent. Unconformities are present at the top 
of the Proterozoic, Cambrian, Lower Mississippian, Pennsyl­
vanian, and Permian systems.
Structurally, the northern half of the area is an 
asymmetrical, southeast-plunging syncline, while the south­
ern half of the area is a northwest-southeast trending 
thrust block of pre-Cambrian and Cambrian rocks which moved 
northward during late Cretaceous time. A large high-angle
- V -
normal(?) fault occurs In the southern portion of the 
thrust block parallel to the main thrust.
Intrusive rocks include a thick differentiated dia­
base sill and a small diabase dike, both of which were in­
jected into Upper Beltian strata probably during major 
deformation of the region. Andésite porphyry, dacite por­
phyry, and olivine basalt were extruded during early and 
middle Tertiary time and covered much of the area.
A broad erosional surface of low relief developed 
during middle Tertiary time. Regional uplift during late 
Pliocene-Pleistocene time renewed erosional activity and 
formed the present maturely dissected topography. Alluvial 
fans, talus slopes, and recent stream deposits occur at tt̂ e 
base of steep slopes and along major drainage channels.
There are several prospect pits in the area, but 
little commercial mining has been carried out, and there 
appears to be little promise of future development.
- v i -
INTRODUCTION 
LOCATION AND ACCESSIBILITY
The Nlmrod area is situated in the southern part of 
the Garnet Range 35 miles southeast of Missoula and 12 miles 
west of Drummond, Montana. It is bounded on the northwest 
by the Missoula-Granite County boundary and comprises Town­
ship 11 North, Range 15 West, Montana Base and Meridian.
(See Figure 1.) The meridian 113® W. Longitude and the par­
allel 46® 40» N. Latitude pass through the area. The south­
ern portion of the area is included in the Lolo National 
Forest.
The Middle of the area is traversed by Northern 
Pacific and the Chicago-Milwaukee and St. Paul railroads, 
and U, S. Highway 10, which follow the Clark Fork River.
Three small logging roads provide access to motor vehicles 
in the northern part of the area.
PURPOSE OF THE INVESTIGATION
The main objective of this thesis is a detailed study 
of the geology in the Nimrod area. Much interest has cen­
tered about this area because of its structural anomalies and 
economic possibilities. This study was undertaken mainly in 
an effort to solve structural problems, to differentiate the 
pre-Cambrian rocks, and to determine whether or not magmatic
- 1 -
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differentiation haa taken place in a thick diabase sill in 
the southern part of the area. The problem of finding com­
plete exposed sections was the principal limiting factor of 
the study.
PREVIOUS WORK
Little information has been published concerning the 
geology of the Nimrod area; only two small scale reconnais­
sance maps appear in published form. The first geologic 
data pertaining to the area is recorded in the report of 
Pardee (1918, p. 159-236) who briefly described the economic 
possibilities and included most of the Nimrod area in his 
map showing the ore deposits in the northwestern part of the 
Garnet Range. Another early study was carried out by Grimes 
and Rosenkranz, who made an unpublished map of the region in 
1919; their work has been incorporated into the 1955 Montana 
State Geologic Map on a scale of 1:500,000.
During the summer of 1930, Clapp and Deiss (1931, 
p. 674) named and described the formations belonging to the 
Missoula group in the vicinity of Missoula and correlated 
them with other sections of Proterozoic rocks in western 
Montana.
The latest work is that of undergraduate geology stu­
dents from Montana State University (Gulbrandsen, 1947, and 
Dowling, 1955) who have mapped Section 13 in the Nimrod area 
and the adjacent area to the east.
—4 —
Most of the past geologic work in Granite County, 
Montana, has been confined to the Philipsburg mining dis­
trict.
PRESENT STUDY
Field work pertaining to this investigation was begun 
in July and completed in November, 1957. Thirty days were 
spent in the field.
Geologic data were plotted directly on aerial photo­
graphs having a scale of 1:20,000. The photographs were 
taken on June 29, 1948, and were secured from the regional 
office of the U. S. Forest Service in Missoula, Montana, 
Formation contacts, major fault traces, key beds, and other 
boundaries were walked out laterally within the area of 
8tudy.
Characteristic rock and fossil samples were collected 
for laboratory study. Igneous rock samples were taken from 
various extrusive bodies and were collected systematically 
every twenty feet across a thick sill on the west side of 
Tyler Creek for pétrographie examination.
Stratigraphie sections were measured with the aid of 
a steel tape and Brunton compass where possible, although 
vertical canyon walls and heavily forested slopes made it 
Impractical to make tape measurements and detailed litholog­
ie descriptions of most formations. Thicknesses of outcrop­
ping formations were computed from distances scaled on the 
geologic map and from cross sections.
—5 —
After completion of the field mapping, the final base 
map compilation was drafted by transferring the geologic 
data from the photographs to a portion of the Lolo National 
Forest topographic map which was enlarged by photostatic 
methods from a scale of 1:125,000 to a scale of 1:31,680.
Two structure sections of north-south traverses were con­
structed and accompany the geologic map. (See Plate 1.)
Laboratory investigations, during the spring of 1958, 
involved the following: (1) preparing thin sections of ig­
neous and Belt rocks, (2) making pétrographie studies of 
these rocks, and (3) identifying fossil specimens from Devo­
nian and Mississippian formations. An integral and important 
part of this investigation includes a detailed microscopic 
examination and general description of 25 thin sections. A 
study of igneous and sedimentary rock alteration was under­
taken. Photomicrographs were made of certain slides to show 
texture, composition, and alteration features.
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PHYSIOGRAPHY
TOPOGRAPHY
The Garnet Range trends essentially east-west and is 
approximately 55 miles long and 15 to 20 miles wide. It is 
located east of Missoula and north of the Clark Pork River 
and includes most of the Nimrod area.
Maximum relief in the mapped area amounts to 3,300 
feet with a maximum elevation of 6,930 feet above mean sea 
level. The physical features of the area are the result of 
a combination of various diastrophic movements with atten­
dant and subsequent erosion. The most pronounced topographic 
feature is Mount Baldy, a bare-topped mountain in the north­
eastern part of the area. A series of cliffs rise over a 
thousand feet in a lateral distance of one-third mile along 
the east and west sides of Dry Creek. The Clark Fork River 
has carved Hellgate Canyon through the center of the area in 
an east-west direction forming abrupt relief from the base 
of the floodplain to the mountain summits.
Many of the mountain summit levels are accordant at 
elevations between 6,000 and 6,500 feet, and much erosion 
has taken place; this suggests a maturely dissected, sub­
summit erosional surface of low relief for the general 
region. A thrust fault escarpment in the northern part of 
the area is cut by several narrow canyons having steep gra­
dients. The region is in the mature stage of the erosion
— 6—
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cycle and has maximum relief as indicated by the mountainous 
terrane and deep canyons.
VEGETATION AND CULTURE
The Nimrod area is covered with coniferous foresta­
tion except along the south slope north of the Clark Fork 
River and in Sections 4 and 5 where much of the vegetatiop 
has been destroyed by fire. Trees in the heavily wooded 
areas consist mainly of yellow pine, lodgepole pine, larct^, 
and Douglas fir, with juniper on the southern slopes.
The occupations of the people in the Nimrod area ip- 
clude farming, ranching, and logging. Grassy foothills and 
mountain slopes north and south of the Clark Fork River are 
used for sheep and cattle grazing. Grain and alfalfa are 
grown in the Clark Fork Valley. During the past there has 
been considerable logging; today lumbering is restricted to 
Sections 3 and 4. An abundance of wildlife provides hunting 
and fishing.
CLIMATE
A cool-temperate, semi-arid climate prevails in the 
region, which has an annual precipitation of 12.5 inches.
It is characteristic of the Northern Rocky Mountain province 
having wide seasonal and daily variations. The temperature 
ranges from -37®F in the winter to 103*^F in the summer with 
an average of 42®F, according to data obtained from the
- 8 -
Missoula Weather Bureau Station (personal communication.
May 31, 1958).
DRAINAGE
The area has a dendritic drainage pattern and is 
drained by small intermittent and permanent streams entering 
into the Clark Fork River. Between Drummond and Missoula, 
the average gradient for the Clark Pork River is 17 feet per 
mile. Its narrow floodplain is cut by old river channels 
forming swales or sloughs.
Tyler Creek, the largest creek in the Nimrod area, 
flows in a northward direction and is one of several barbed 
tributaries of the Clark Fork River. It is likely that the 
barbed tributaries are controlled by the prevailing joint 
pattern of the underlying strata.
GENERAL GEOLOGY
Sedimentary rocks in the thesis area, which range in 
age from Proterozoic to Recent, are believed to have been 
deposited under marine conditions* They have an aggregate 
thickness of at least 20,000 feet and have been subdivide^ 
into five Proterozoic, eleven Paleozoic, one Mesozoic, an^ 
one Quaternary formation*
Proterozoic formations of the Missoula group, which 
comprise over three-fourths of the stratigraphie sequence, 
are predominantly argillites, sandstones, and quartzites* 
Paleozoic rocks include representatives of the Cambrian, Devo 
nian, Mississippian, Pennsylvanian, and Permian systems and 
are composed largely of limestone and dolomite with some 
quartzite, shale, and siltstone* The Nimrod area contains 
the westernmost extension of Upper Paleozoic rocks in Mon­
tana* Mesozoic sediments are represented by a single Juras­
sic shale less than 100 feet thick.
Formations in the Nimrod area were correlated with 
pre-Cambrian formations near Missoula and with Paleozoic 
formations in the philipsburg Quadrangle on the basis of 
lithologie description and stratigraphie position. Upper 
Devonian and Lower Mississippian correlations are based on 
paleontological evidence* The stratigraphjy of the Nimrod 
area is summarized in Table 1*
- 9 -
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Igneous rocks of Cretaceous and Tertiary age consist 
of intrusive diabase and effusive andésite porphyry, dacite 
porphyry, and olivine basalt. Thin deposits of Quaternary 
alluvium occupy the Clark Fork Valley and the tops of low 
spurs «
The geologic structure and history of the area is 
similar to adjacent areas. Nearly all of the major struc­
tural features trend in a general northwest-southeast direc­
tion and include synclinal folding, northward thrusting, and 
normal faulting.
STRATIGRAPHY 
Proterozoic System 
Missoula Group
Clapp and Deiss (1937, p. 677-683) named and des­
cribed formations of the Missoula group from type localities 
near Missoula. Five formations make up the thick series of 
alternating argillites and quartzites which are believed to 
rest conformably upon each other. Fossils were not found by 
the writer in the Beltian rocks probably because the condi­
tions during deposition of the sediments were not favorable 
to the growth or preservation of organisms. (See Table 1 
for lithologie descriptions and thicknesses of the forma­
tions . )
The Miller peak formation, the oldest formation 
exposed in the Nimrod area, is the lowermost formation in 
the Missoula group. This formation, a reddish-purple argil­
lite, was observed on the south flank of Mount Baldy and in 
the southwest portion of the area. Outcrops are scarce and 
small because the formation is weak and weathers to rounded 
hills and slopes. Markings on the bedding surfaces include 
mud cracks, rain imprints, fucoidal marks, and ripple marks.
Overlying the Miller Peak formation is the Hellgate 
formation which occurs north of the highway along the trace
- 1 1 -
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TABLE 1
SUMMARY OF THE STRATIGRAPHY IN THE NIMROD AREA
PERIOD FORMATION
FEET
THICKNESS LITHOLOGIC DESCRIPTION
Quaternary Alluvium ?
Unconsolidated floodplain 
silts, sands, gravels, and 
terrace cobbles and 
boulders.
Middle
Jurrasic
Sawtooth
shjLle
50-
100
Calcareous and non-calcar- 
eous brown shales, silt- 
stone, and clay.
Permian Phosphoria
forjnati^n^
0-
60
Oolitic, grey to blaclc 
chert and sandstone. 
Covered.
Middle
Penn.
Quadrant
formation
100-
200
79 feet of massive, grey 
quartzite; weathers red to 
grey. Brown dolomite at 
base covered.
Lower Penn. 
.Upper Miss.
Amsden 
format iori
232-
Soft, red shales, ferru­
ginous limestones and 
calcareous siltstones.
Lower 
Miss •
1p8
s
Mission
Canyon
limestone
Lodgepole
limestone
1500-
2000
Massive-bedded, bluish-grey 
crystalline, black cherty,' 
fossiliferous limestone.
Thin-bedded, light-grey, 
fossiliferous, argillaceous 
limestone. Abundant cri- 
noid fragments.
Upper
Devonian
Jefferson
formation
1500-
2000
Medium-bedded, fine-grained 
dark to light limestone 
member overlain by thin to 
massive bedded, argilla­
ceous, brecciated, saccha- 
roidal, brownish-purple 
dolomite. Fossiliferous. 
Yellow weathered, silty 
limestone at the top.
Middle 
DeVOnlan
Maywood
formation
100“
200
Medium-grained, sandy, red, 
calcareous quartzite at 
the base ; flaggy brown 
limestone and white cry­
stalline dolomite at the 
top. 1
* • 13 “
TABLE 1 (Cont.)
PERIOD
^ÈET
THICKNESS LITHOLOGIC DESCRIPTION
Upper
Cambrian
Red Lion 
formation
300
350
Medium-bedded, greyish- 
white, siliceous, laminated 
dolomite. Platy, greenish- 
grey to maroon shale at the 
base. Some argillaceous 
limestone and edgewise con­
glomerate •
Hasmark
formation
500
600
Thin to thick bedded, grey 
to blue, argillaceous lime­
stone containing oolites, 
concretions, and trilobite 
fragment s.
Middle
Cambrian
Silver
Hill
formation
100  ̂
200
Light grey, siliceous lime­
stone and dolomite with 
thin brown laminae• Some 
calcareous shales.
Flathead
quartzite
80
100
Thick-bedded, red to white 
quartzite with some brown 
sandstone and quartz peb­
bles. Brecciated in places.
Proterozoic
:--  1 r ' "--1
Sheep
Mountain
formation
2000
2500
Massive, red to pink-white, 
coarse-grained, purple- 
banded quartzite. Maroon 
to grey-white weathering.
Garnet
Range
formation
5500
6000
Thin-bedded, greenish- 
brown, micaceous, sandy 
quartzite and argillite; 
interbedded grey quartzites; 
rusty-brown weathering. 
Cretaceous diabase sill 
near the base.
McNamara
formation
2500
3000
Thin-bedded, bright green 
and red, ripple-marked ar­
gillites. Massive, pink- 
white to reddish-grey, 
cross-bedded quartzite; 
greyish-green, purple, 
micaceous argillites at 
the base.'■'f 'Heil'ga-te
formation
2000
2500
Massive, red to grey, 
coarse-grained quartzite; 
lavender to buff weathering,
Thin- to thick-bedded, 
purple, maroon, grey-green, 
micaceous to sandy argil­
lite; contains doloraitic 
limestone. Grey to laven- I 
der weathering. |
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of a large thrust fault. Massive, reddish-grey, coarse­
grained quartzite forms massive ledges and thick talus 
slopes.
The McNamara formation crops out along both the north 
and south sides of the Clark Fork River forming lowland to­
pography and mountain slopes. It lies conformably on the 
Hellgate formation. The lower half of the formation is com­
posed of massive, pink and white, cross-bedded quartzite and 
is well exposed along the south side of the Bearmouth fault. 
The unper half consists of red and green, ripple-marked 
argillites and some pink quartzites; it is poorly exposed 
adjacent to the floodplain, but is well exposed in cuts on 
the north side of Medicine Tree Hill, along the Nimrod tun­
nel, and at the mouths of Ryan, Marcella, and Dry Creeks.
Conformably above the McNamara formation is the 
Garnet Range formation which is the thickest formation of 
the Missoula group. It is exposed in the southern portion 
of the area, where outcrops are small and occur only on the 
crests of steep ridges. The Garnet Range formation is the 
only formation which crops out continuously across the entire 
area* This formation, which is quite consistent in lithol- 
ogy, is composed mainly of thin-bedded, greenish-brown 
quartzitic sandstone and argillite plus some grey quartzite. 
The rocks weather to a rusty brown color.
At the top of the Missoula group is the Sheep Mountain 
formation which rests conformably upon the Garnet Range
- 1 5 -
formation. It is a ledge former, which caps ridges and 
occurs below the Cambrian rocks. Large talus slopes form 
at the base of the massive red and white quartzite cliffs® 
Some quartzite beds are spotted; other beds near the base 
contain greenish-grey clay galls and are cross-bedded. The 
formation weathers dark reddish-grey.
Cambrian System
Undifferentiated Formations
■-1
Resting conformably upon the Missoula group are 
Middle and Upper Cambrian formations which correlate with 
those named by Emmons and Calkins (1913, p. 49-64) in the 
Philipsburg Quadrangle, Montana. Cambrian formations were 
recognized at various places in the Nimrod area but were not 
mapped individually because of difficulty in finding outcrops 
and in tracing out the contacts in the forested area.
The Flathead quartzite extends along Ryan and Marcel­
la Creeks in the northern part of the thesis area and 
crosses Bateman and Tyler Creeks in the southern part of the 
area. The formation is composed of approximately 100 feet 
of deep red to brown, thick-bedded, brecciated quart zites 
with some beds of brown sandstone and quartz pebbles. Some 
pink to white, cross-bedded, sandy quartzite occurs in the 
lower part of the formation.
An angular unconformity exists between the Sheep 
Mountain formation and the Flathead quartzite (Deiss, 1935,
— ]_6 —
p. 95) • A difference of about 5° in dip of the formations 
was detected in the southern part of the area. This hiatus 
reflects an epeirogenic uplift, peneplanation, and a 
change of environment during a long interval of geologic 
time •
The Silver Hill formation is exposed on the ridges 
east of Ryan and Marcella Creeks, in Sections 15 and 16, and 
in the southern part of the area. Pardee (1917, p. 168) de­
scribed a section along Ryan Creek as being about 100 feet 
thick and consisting of siliceous laminated limestone. The 
formation appears to be at least 200 feet thick on the ridge 
east of Marcella Creek. Calkins and Emmons (1913, p. 33) 
described the Silver Hill formation as dark, slightly cal­
careous shales overlain by limestone with thin brown sili­
ceous laminae and interbedded shales.
Above the Silver Hill formation is the Hasmark forma­
tion which is approximately 600 feet thick and well exposed 
on the ridge east of Marcella Creek in Section 4. The forma* 
tion is composed principally of thin- to medium-bedded, 
light-grey to dark blue, fine-grained limestone. Various 
beds of this formation contain trilobite fragments, concre­
tions un to one inch in diameter, or oolites. Much of the 
formation contains siliceous laminae and weathers white.
The uppermost formation in the Cambrian system, 
called the Red Lion formation, is exposed in the northeast­
ern corner of Section 4. The formation is divided into two
- 1 7 -
members and has a thickness of 300 feet. The lower member 
is the Dry Creek shale which is platy and greenish-grey to 
maroon in color. Basal beds of this member consist of red, 
edge-wise, quartzite pebble conglomerate and some argilla­
ceous limestone. The upper member is composed of fine 
laminated, siliceous dolomite.
Devonian System 
Maywood Formation
The Maywood formation was named by Calkins and Emmons 
(1913, p. 64) in the Philipsburg Quadrangle. It is middle 
or lower Devonian in age (Hansen, 1952, p. 25).
Exposures of the formation occur in the north-central 
part of Section 3, near the southeastern part of Section 4, 
and on the ridge east of Dry Creek. The base of the forma­
tion was seldom detected because of poor exposures. The 
formation is approximately 100-200 feet thick and consists 
mostly of red, calcareous quartzite with some flaggy brown 
limestone and medium-grained crystalline white dolomite near 
the top. No fossils were found in the formation.
An erosional disconformity exists between the base of 
the Maywood formation and the top of the Red Lion formation. 
Ordovician and Silurian formations are absent,
Jefferson Formation
The Jefferson formation was named and described by
" 18—
Peale (1893, p . 27) in the vicinity of Three Forks, Montana. 
In the thesis area it overlies the Maywood formation confor­
mably.
Exposures of the Jefferson formation are poor, be­
cause they are covered by much vegetation, although fair 
exposures occur in the cliffs on the west side of Dry Creek. 
The formation extends northward through Sections 1, 2, and 3 
instead of wedging out as shown on the 1955 State Geologic 
Map of Montana.
The Jefferson formation is comnosed of at least two 
members. A medium-bedded, dense, black limestone forms the 
basal member. The upper member is much thicker and more re­
sistant to weathering; it is composed of brownish-purple, 
saccharoidal dolomite containing some interbedded argilla­
ceous limestone. The dolomite is brecciated and contains 
numerous calcite stringers ; it gives a strong fetid odor when 
freshly broken. Much of the formation weathers to a light 
grey color.
The Jefferson formation is upper Devonian in age and 
contains beds of Stromatopora and other fossils in argilla­
ceous limestone beds in the upper part of the formation.
Since most of the fossils collected were distorted and poor­
ly preserved, they are not worthy of illustration. The 
following fossils, collected in Sections 3, 11, and 14 were 
identified by the writer as follows :
montanensis Kindle
—1 9 —
CrytosplrIfer sp•
Stromatopora
Crinold stems
Colonial and horn corals
Misslsslpplan System
Madison Group
Resting conformably upon the Jefferson formation is 
the Madison group, named by Peale (1893, p. 33) from expo­
sures in the central part of the Three Porks Quadrangle, Mon­
tana. Collier and Cathcart (1922, p. 173) divided the 
Madison group into the Lodgepole limestone and the Mission 
Canyon limestone.
The Madison group is confined to the northeastern 
part of the area on the southwest flank of Mount Baldy. A 
thick section of the group is exposed in a 300-foot vertical 
cliff east of Dry Creek. Over 1200 feet of strata was 
measured in a nearly complete section near the east end of 
the area. The Madison group is lower Mississippian in age.
The Lodgepole limestone is composed predominantly of 
light-grey, thin-bedded, argillaceous, and fossiliferous 
limestone. Most of the limestone is fine-grained, laminated 
and contains abundant crinoid fragments and corals In the 
flaggy beds. Black shales generally occur in the formation 
in areas to the east, but none were found in the Nimrod area 
This formation is less resistant and not as thick as the
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overlying Mission Canyon limestone.
The Lodgepole limestone is Kinderhookian in age, and 
the following fossils were recognized in Sections 11 and 12%
Lithostrotionella sp•
Spirifer sp.
Productus sp.
Syringopora sp.
Archimedes sp.
Composita sp.
The Mission Canyon limestone lies conformably on the 
Lodgepole limestone and consists of light to dark bluish- 
grey, cherty, massive limestone. Discontinuous beds, lenses, 
and nodules of dense black chert occur in several beds of 
the formation, especially in the upper and lower parts. 
Crinoid debris and fossil forms are present but are not as 
abundant as they are in the Lodgepole limestone. Freshly 
broken samples generally show a fine to coarse crystalline 
texture and usually emit a fetid odor.
Much of the formation is composed of hard, brecciat­
ed, quartzose limestone which forms bold outcrops and re­
sistant ridges. A light-grey, rough weathered surface is 
characteristic of the formation. Near the top of the Mis­
sion Canyon limestone, solution caverns and collapse struc­
tures containing red stains from the overlying Amsden 
formation are present. The Mission Canyon limestone is 
Kinderhookian and Osagian in age.
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Mlssiaslppian and Pennsy1van1an Systems 
Amsden Formation
The Mission Canyon limestone is disconformably 
overlain by the Amsden formation, which was named by Darton 
(1904, p. 396). The Amsden formation crops out in section 
12, where it occurs in saddles between the more massive and 
resistant Mission Canyon limestone and Quadrant formation.
Soft, brick-red shales, ferruginous, calcareous silt- 
stone and fine-grained platy limestone comprise the Amsden 
formation. Along most of its extent the formation is highly 
weathered forming a characteristic reddish, calcareous soil, 
which contains fragments of pink limestone. A 232-foot sec­
tion was measured on the south limb of the syncline.
The Amsden formation is a transitional time-rock unit 
which straddles the Mississippian-Pennsylvanian boundary in 
west-central Montana; it is Chesterian and Springerian in 
age.
Pennsylvanian System 
Quadrant Formation
Naned by Peale (1893, p. 39), the Quadrant formation 
conformably overlies the Amsden formation in Section 12, 
where its steeply inclined quartz ite strata form resistant 
ridges and vertical walls along the flanks of an asymmetri­
cal syncline. Its prominent outcrops and its topographic
expression are conspicuous; thus it serves as a key marker 
bed in tracing out the structure in the area.
The Quadrant formation is dominantly a pink to grey, 
medium-grained, vitreous, massive orthoquartzite with some 
brown, sandy dolomite at the base. The lower dolomite mem­
ber is covered with Amsden soil and quartzite talus. The 
quartzite is fractured, weathers to a dull grey, and is 
partly covered with lichens. A 79-foot section of massive 
quartzite was measured on the overturned limb of the syn­
cline. It is possible that the formation could have been 
squeezed out in the tight syncline; two miles east of the 
Nimrod area Gulbrandsen (1947, p. 3) measured 178 feet of 
quartzite and 214 feet of limestone in the Quadrant forma­
tion.
The Quadrant formation is middle Pennsylvanian in 
age. No fossils were found in the formation.
Permian System 
Phosphoria Formation
The Phosphoria formation, which was named by Rich­
ards and Mansfield (1912, p. 684) from Phosphoria Gulch, 
Idaho, is probably present in the area, although no recog­
nizable outcrops were found. If present, it lies disconfor- 
mably on Quadrant formation. Some characteristic sandstone 
and grey to black, oolite chert float in Section 12 seem to 
indicate that the formation is present in the Nimrod area.
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The formation is not shown on the geologic map because it 
could not be traced out. Gulbrandsen (1947, p. 3) recog­
nized exposures of the Phosphoria formation in an adjacent 
township to the east and gave an approximate thickness of 35 
f eet.
Jurassic System 
Sawtooth Formation
Cobban (1945, p. 1270) named the Sawtooth formation, 
which belongs to the lower Ellis group. The formation is 
exposed in the core of the syncline near the eastern border 
of the Nimrod area. It is middle Jurassic in age. A hiatus 
exists below the formation since Trias sic strata are absent 
in the region.
The formation is composed of calcareous and non-cal- 
careous, brown, weathered shale containing some siltstone 
and sandstone. Thickness of the exposed material amounts to 
approximately 50 feet. The top has been removed by erosion.
Quaternary System
Alluvial Sediments
There are apparently no gravel or varved silt de­
posits of glacial Lake Missoula in the Nimrod area, although 
Pardee (1910, p. 380) has stated that Lake Missoula had a 
maximum level of 4200 feet in elevation and that faint
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shorelines occur at places along the Clark Fork River at an 
elevation of 3700 feet.
Stream abraded terrace gravels and boulders of quart­
zite and some limestone form scattered deposits up to 4 feet 
thick on top of small spurs near the mouths of Ryan and Dry 
Creeks and on top of Medicine Tree Hill, which projects out 
into the valley.
East of Nimrod and north of a small lumber millpond 
is a fan-shaped, calcareous tufa deposit approximately 250 
feet long and 20 feet thick. This material was derived from 
a warm spring ascending along a large fault and precipitat­
ing calcium carbonate from solution. The deposit contains 
layers of gravel and recent gastropod shells.
Small alluvial fans occur at the mouths of the steep 
canyons. The Clark Fork floodplain contains recent fluvial 
silts, sands, cobbles, and boulders composed of quartzite, 
limestone, and some igneous material. The surface of the 
floodplain is veneered with a mantle of soil 1 to 3 feet 
deep.
IGNEOUS ROCKS AND PETROGRAPHY 
Cretaceous Intrusives 
Nimrod Sill
Field Characteristics* A tholeiitic diabase sill was 
mapped and studied in the southern portion of the area near 
Nimrod. It crops out on the south side of the Clark Fork 
River and extends r o u ^ l y  parallel to it along a densely for­
ested, north slope of Beltian rocks traversing the full 
width of the area. The sill dips approximately 30 degrees 
to the south. Its thickness varies from 480 feet in the 
east end of the Nimrod area to 549 feet at Tyler Creek, and 
260 feet near the west end of the area.
The diabase is a basic igneous rock intermediate in 
texture between gabbro and basalt. Rock samples are green­
ish-gray to black in color and have a rusty-brown weathered 
surface. Brown slopes and small saddles originate as a re­
sult of weathering of the diabase sill. Columnar and mas­
sive jointing, and fracturing occur above the talus slopes 
near the mouth of Bateman Creek.
Petrography. A pétrographie description of the tex­
ture and minéralogieal composition of a 549-foot section of 
the sill in Section 26 is given below, and a schematic dia­
gram of the Nimrod sill is shown in figure 2. Eighteen thin 
sections were examined.
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GR
m
Coarse diabase with abundant 
hornblende and myrmekite
Normal diabase becoming 
coarser and more acidic to­
ward the coarse zone
CalcIte-plagioclase zones, 
approximately 20 feet thick
Fine-grained diabase rich 
in iron ores
Chilled contact zone and 
small quartz veins
pre-Cambrian quartzite of 
the Garnet Range formation
Vertical scale: 1” = 100*
Figure 2, Diagrammatic section across the Nimrod sill 
(Zones based on thin section studies to­
gether with field notes)
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Texture. In general the diabase specimens have a 
medium-grained, holocrystalline, ophitic texture character­
ized by euhedral laths of plagioclase imbedded in a matrix 
of anhedral pyroxene grains as shown in Figure 3* Minor 
myrmekitic texture occurs throughout the sill. (See Figures 
4 , 5 , 8 • )
Plagioclase laths vary in length from 0.5 mm. near 
the base and top to 2.0 mm. in the coarse zone which is 
directly above the center of the sill. Pyroxene crystals 
and grains range in size from 0.25 mm. to 1.5 mm. in dia­
meter. Hornblende prisms average 1.5 mm. in length. Myr- 
mekite, a graphic intergrowth of Na-rich plagioclase and 
quartz, ranges from 1.0 mm. at the margins to 3.0 mm. in 
the coarse zone. Biotite and chlorite flakes, quartz grains, 
and iron ores have an average diameter of 1.0 mm.
Pyroxene crystals are subhedral to euhedral, becoming 
more euhedral toward the center of the sill. Plagioclase 
crystals are nearly all euhedral. Cross sections of pris­
matic crystals of hornblende are euhedral to subhedral, 
while biotite and chlorite occur as anhedral plates. The 
iron ores are small grains of pyrite and irregular masses 
of intergrown magnetite and ilmenite. Interstitial quartz 
grains are anhedral.
Compos ition. Plagioclase and pyroxene are the major 
constituents and make up 75 to 90% of the rock. Minor con­
stituents of hornblende, quartz, myrmekite, calcite, and
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Figure 3. Characteristic 
medium-grained texture 
in center of diabase 
sill near Tyler Creek. 
Crossed nicols, x40.
Figure 4. Abundant myr­
mekite, micrographie 
intergrowth of quartz and 
albite, in the coarse zone 
of sill west of Tyler 
Creek. Crossed nicols, 
x40.
Figure 5. Myrmekite in 
lower part of diabase 
sill near mouth of Tyler 
Creek. Crossed nicols, 
x40.
Figure 6. Quartz vein cut­
ting through lower chilled 
border zone of sill near 
Tyler Creek. Crossed 
nicols, x40.
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Iron ores comprise 10 to 20^ of the rock. Accessory miner­
als include trace amounts of apatite, chlorite, and biotite.
Plagioclase is the most abundant mineral present; it
averages from 40^ at the margins to 50^ 200 feet below the
top of the sill. Carlsbad and albite twinning are present, 
as are combinations of the two types. Zoning of plagioclase 
crystals is common. The plagioclase ranges from labrado- 
rite (AbggAngg) near the margins to oligoclase (Ab^gAngy) in 
the coarse zone above the center of the sill. The Michel- 
Levy method was used in determining the albite-anorthite 
composition ratios.
Clinopyroxene content ranges from approximately 50^ 
near the base to 10^ in the coarse zone. Pigeonite and 
augite occur side by side in the thin sections, for they
have crystallized out of the magma at about the same time.
Pigeonite, having a 2V of 0-30°, is more abundant and com­
prises over 75% of the pyroxene present. Augite has a 2V 
of 35-55° and a slightly larger extinction angle than the 
pigeonite. Pinacoidal twinning on (100) is common in pigeo­
nite crystals. (See Figure 7.)
The hornblende percentage varies from 0 to 20% and is 
nearly all restricted to the coarse zone. Biotite is pre­
sent in amounts less than 5%. Up to 20% myrmekite and at 
least 4% anhedral quartz are present in the coarse zone.
The total iron ore content ranges from 10% at the contacts 
to 3% just below the center of the sill. (See Table 2 for
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Plgure 7. Pyroxene crystals 
twinned on (100) and plagio- 
. clase crystal .showing faint 
zoning in diabase sill west 
of Tyler Creek* Crossed 
nicols, x45*
Figure 8* Coarse myrmekitic 
texture in diabase sill west 
of Bateman Creek* Crossed 
nicols, x40*
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a modal analysis of the Nimrod sill).
Alteration. Much deuteric activity and secondary 
hydrothermal alteration has taken place, especially in the 
coarse zone. Many plagioclase crystals have cloudy centers* 
The alteration of plagioclase to saussurite is very common 
and characteristic in most of the thin sections. In the 
coarse zone plagioclase crystals have corroded boundaries 
and contain myrmekite within the crystal outlines; this sug­
gests that the crystals have been partially resorbed by 
residual liquids before solidification of the melt * Calcite 
occurs in three thin sections and comprises 25% of one ; it 
is believed to have been derived from secondary hydrothermal 
alteration of plagioclase.
The Pyroxene minerals show much alteration also. 
Pigeonite alters to chlorite and hornblende; uralite and 
iron oxides have been derived from augite. The iron ores 
show alteration to hematite and limonite. The characteristic 
rusty-brown, limonitic surface on most of the samples is due 
to the chemical weathering and oxidation of magnetite, il­
menite, and pyrite.
Horizontal Variation. There is little variation of 
texture and minéralogieal composition detected in samples 
collected laterally along the sill from Tendoy G-ulch, Tyler 
Creek, Medicine Tree Hill, and Bateman Creek. Myrmekitic 
texture and much alteration of feldspar is common in all of 
the thin sections. Specimens from an adit in the west end
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TABLE 2
ESTIMATED MODES OP THE NIMROD SILL
Mineral Base Center Coarse
zone
Top
0» 60» 140» 220» 380» 460» 549»
Labradorite 40 46 50 40
Andeslne 50 45 45
Pigeonite 40 35 30 30 10 25 35
Augite 9 10 10 5 2 4 5
Hornblende tr tr 2 3 11 8 5
Myrmekite tr 2 3 2 14 7 4
Quart z tr tr 1 2 4 2 tr
Iron Ores 10 4 3 4 4 6 10
Calcite 3 5
Biotite tr 1 1 2 3 2 1
Chlorite tr tr 1 2 1 tr
Apatite tr tr tr tr tr tr tr
of the area have a gahbroic aspect and contain abundant iron 
ore minerals.
Contact Zones. The molten magma fluid was Injected 
into the lower part of the Garnet Range formation approxi­
mately 600 feet above its base. Knife edge contacts were 
observed at the chilled margins of the thick concordant 
sheet of diabase. Contact raetamorphism of the quartzite 
country rock is slight, not exceeding 6 inches in thickness.
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A metamorphosed quartzite sample taken adjacent to the lower 
contact retained its original bedding structure and its 
relic mosaic texture; it contained 15^ sericite and ferrugi­
nous cement between the quartz grains. No assimilation has 
taken place.
A chilled contact sample adjacent to and just above 
the sharp lower contact has a very fine-grained hornfelsic- 
like texture and is composed mostly of small quartz veins, 
sericite, and some chlorite, pyroxene, and magnetite in a 
cryptocrystalline matrix. An X-ray analysis of the sample 
shows that major constituents include abundant sericite and 
plagioclase, and minor constituents are chlorite, kaolinite, 
quartz, and probably some tridymite. Pre-existing texture 
in the quartzite country rock has been destroyed and some 
diffusion has taken place. (See Figure 6.) The upper con­
tact is quite similar to the lower contact of the sill.
Age. The age of the shallow intrusive cannot be de­
termined precisely because it intrudes pre-Cambrian rocks 
only. Strong evidence indicates that it is late Cretaceous, 
as there are similar thick intrusives of approximately the 
same composition and texture 20 to 50 miles to the east 
along Hoover Creek and the Little Blackfoot River which in­
trude the Colorado formation of early upper Cretaceous age. 
In the Nimrod area the sill is partially covered^by igneous 
flows of early and middle Tertiary age.
Paragenesis. The sequence of crystallization of
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primary minerals from the magma was determined from observa­
tion of various thin sections throughout the sill. Simul­
taneous crystallization of plagioclase and clinopyroxene 
from the magma is believed to have taken place as evidenced 
by the presence of well-developed interlocking crystals of 
labradorite or andesine with augite and pigeonite*
Labradorite was the first plagioclase mineral to 
crystallize out of the magma followed by andesine and oligo­
clase* Na-rich plagioclase was the last feldspar to crystal­
lize; it is graphically intergrown with quartz to form 
myrmekite within plagioclase crystals. Hornblende, biotite, 
and quartz were among the last minerals to crystallize be­
cause of lowering temperature and changing composition of the 
magma.
Differentiation. The original tholeiitic magma is 
assumed to have been homogeneous; it has undergone differen­
tiation by fractional crystallization as the molten mass 
cooled* Evidence supporting differentiation of the Nimrod 
sill includes the following; (1) there is a marked increase 
of ore minerals toward the base and upper portion from the 
center; (2) the percentage of calcium in the feldspar di­
minishes upward from the base and becomes progressively more 
sodic towards the coarse zone ; (3) myrmekite is coarse­
grained and more abundant in the upper part of the sill, 
indicating late segregation of residual liquids; (4) pla­
gioclase becomes more abundant towards the middle of the
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sill; and (5) there is a definite increase of the late 
forming minerals hornblende, biotite, and quartz from the 
margins to the coarse zone. A higher concentration of py­
roxene towards the base of the sill implies that crystal 
settling by gravity may have been active as a mechanism of 
magmatic differentiation.
Diabase Dike
A small diabase dike occurs in McNamara quartzites 
and argillites on two spurs near the mouth of Dry Creek.
This disconcordant body is 60 feet thick; it strikes N75^W 
and dips SO^NE. The dike rock weathers dark brown and is 
less resistant than the adjacent Belt rocks through which 
it was injected. The dike, being a thinner body than the 
sill, cooled more quickly because of rapid dissipation of 
heat and easy escape of volatiles.
Samples near the baked contact zone have a basaltic 
aspect, while samples near the center are fine-grained, 
holocrystalline, and diabasic. Rock specimens of the dike 
resemble specimens from the diabase sill in composition, but 
have a finer texture. A sample from near the center of the 
dike is composed of 40% andesine-labradorite 
(Ab5 5 An4 5 -Ab4 oAnQo)> 30^ pigeonite, 10^ augite, and 10^ 
magnetite. Minor constituents include b% biotite, 5% 
chlorite, and traces of hornblende, apatite, and quartz.
The rock is highly altered and contains "saussurite”
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and some sericite in the plagioclase crystals* Pyroxenes 
alter to flakes of biotite and chlorite* (See Figure 9.)
It is believed that the dike and the Nimrod sill are 
genetically related and were emplaced at nearly the same 
time since their texture and composition resemble each other*
Tertiary Volcanics
Four types of effusive rocks were mapped in the Nim­
rod area. They include andésite porphyry, dacite porphyry, 
olivine basalt and mixed volcanics* The attitude of the 
flows is nearly horizontal. Angular unconformities and non­
conformities exist at the base of the extrusions. Earlier 
geologists (Grimes and Rosenkranz, 1919, unpublished map, 
and Pardee, 1918, p. 169) have previously classified the an­
désite porphyry and dacite porphyry flows as intrusive gran- 
odiorite and granite bodies * However, these and the other 
volcanic rocks discussed below appear to be flows; they 
exhibit well-defined flow structure and porphyritic texture * 
Most of the outcrops are located in the southern part of the 
Nimrod area. Field exposures and petrography of the rocks 
are described below*
Andésite Porphyry. Andésite porphyry occurs in Sec­
tion 18. The exposed rocks are medium-grey in color and 
contain many fractures giving rise to blocks and slabby 
talus on small ridges* The andésite porphyry flow overlies 
the diabase sill and appears to be covered in part by a
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Plgure 9. Fine-grained
diabasic texture and abun­
dant iron ores in altered 
dike rock from Section 22. 
Crossed nicols, x40.
Figure 10. Zoned plagio- 
phenocryst in andésite 
porphyry from Section 18 
Grossed nicols, x40.
Figure 11. Abundant twin­
ned plagioclase and rare 
anhedral quartz pheno- 
crysts in dacite porphyry. 
Crossed nicols, xl5.
Figure 12. Olivine phenocryst 
showing alteration to bowl- 
ingite in olivine basalt 
from Section 22. Crossed 
nicols, x90.
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later dacite porphyry flow. The andésite porphyry flow is 
probably early Tertiary in age.
Specimens are porphyritic and have a pilotaxitic 
texture. Euhedral and subhedral zoned phenocrysts of feld­
spar are 1-4 mm. in size ; they make up less than half the 
volume of the rock. (See Figure 10.) The grey groundmass 
is dense to cryptocrystalline and comprises 60^ of the rock*
The rest of the rock includes 22%^of zones andesine 
(Ab^gAn^Y-AbggAng^)^ 7% hornblende, 5% biotite, 2% quartz,
2% orthoclase, 1% magnetite, 1% chlorite, and traces of 
apatite and pyroxene.
The rock is greatly altered as evidenced by the pre­
sence of secondary minerals. Alteration products include 
seriôite from feldspar, chlorite from hornblende, and a mix­
ture of black iron oxides and hydrobiotite from biotite.
Dacite Porphyry. Exposures of dacite porphyry are 
abundant and generally f;c*om steep hills having greyish-white 
pinnacles* and slabby talus near the summits. Inclusions of 
Beltian rock range in size from ^ inch to 5 feet and are 
, more common near the contacts. (See Figure 14). The dacite 
porphyry flow overlies the Nimrod sill and the andésite por­
phyry flow in the western part of the area. It in turn is 
overlain by olivine basalt in Sections 33 and 34 and is thus 
believed to be either early or middle Tertiary in age.
The dacite porphyry is a light-grey, fractured rock 
having a granitic appearance from a distance. In thin
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sections, phenocrysts of euhedral plagioclase, anhedral 
quartz, and rectangular plates of biotite range in size from 
1 to 3 mm. The rock is composed of 36^ oligoclase 
(Abr7gAn2 4 -Abr7QAn3 o) > 7^ biotite, 5% orthoclase, 3% quartz,
50% glassy groundmass, and traces of magnetite and apatite. 
The plagioclase phenocrysts show characteristic zoning, 
albite twinning, and some kaolinization.
Mixed Volcanic Rocks. Mixed volcanic rocks of highly 
weathered red and white dacite porphyry and basalt occur in 
the south-central part of the Nimrod area. Outcrops of the 
material are small and covered with much grass and pine 
trees•
Olivine Basalt. The basalt occurs in small patches 
of generally low elevation along Tyler Creek. In Section 26 
weathered outcrops show well developed columnar jointing of 
5 and 6 sided outline. The columns are ^ to 2 feet in dia­
meter and are considered to have originated from tension 
jointing during cooling of the molten lava. The flow is 
relatively thin, probably not more than 100 feet thick. 
Vesicular and amygdaloidal structure are present but rare.
The basalt flow has been extensively eroded, and 
basalt boulders have been strewn over low hills of pre- 
Cambrian rock to the north. A pitted, rusty-brown, weathered 
surface has developed through decomposition of small olivine 
phenocrysts and oxidation of ore minerals in the rock.
The basalt flow is the youngest extrusive rock type
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in the Nimrod area* The flow covers in part a large fault 
of early Tertiary age* Similar olivine basalt flows occur 
5 to 50 miles east of the area and are overlain in places 
by sediments of upper Tertiary age. The writer considers 
the flow to be early or middle Tertiary in age.
The olivine basalt is a dense black rock. It is por­
phyritic and has an intergranular matrix of mirolitic 
plagioclase and interstitial grains of anhedral pyroxene and 
iron ores * Good flow structure is exhibited by subparallel 
alignment of the plagioclase microlites* Olivine pheno­
crysts of forsterite are euhedral to subhedral and comprise 
15^ of the rock. The holocrystalline groundmass is com­
posed of 65^ labradorite, 15^ augite, 5^ of iron ores, and 
a trace of apatite and biotite.
The phenocrysts are corroded and are surrounded by 
reaction rims of pleochroic flakes of greenish-yellow to 
brown bowlingite. Magnetite alters to hematite and limo­
nite •
STRUCTURE
The Nimrod area is believed to have been involved in 
two phases of the Laramide orogeny. The first was one of 
asymmetrical folding, northward thrusting, and diabase in­
jection; the second was one of high-anglo faulting and 
extrusion of lava flows. Block diagrams in Figure 18 depict 
the probable evolutionary sequence of tectonic activity in 
the area. Laramide orogeny is a term applied to the great 
compressional disturbance that occurred during late Creta­
ceous and early Tertiary time. There is no indication of 
major orogenic deformation in the region prior to late 
Cretaceous time.
The writer has attempted to correlate, insofar as 
local evidence permits, orogenic events with those of con­
tiguous areas and with those affecting the general region, 
because there is no evidence present in the Nimrod area by 
which one can precisely date the various folding and fault­
ing episodes. Adjacent areas of similar structural trend 
yield additional geologic data bearing on the age of defor­
mation.
Folds
The Mount Baldy syncline is the principal folded 
structural feature in the area. It is a large tightly folded 
asymmetrical syncline trending N65-70°W and plunging
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Figure 13* View looking northwest and showing overturned 
pre-Cambrian strata of the McNamara formation in 
Section 17*
Figure 14. Belt rock inclusion in Tertiary dacite
porphyry flow on the north side of the Clark Fork River.
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approxlmately 20®SE* The strata on the south limb are 
overturned and dip very steeply to the southwest in con­
trast to the strata on the more gentle north limb, which dip 
moderately to the southwest* Drag folds are displayed on 
the south flank of the shycline on the west side of Dry 
Creek in the Devonian strata*
Exposures of the synclinal fold are excellent in Sec­
tion 12 and are fair along the ridges bordering Dry Creek* 
The Jurassic Sawtooth shale is the youngest formation visi­
bly folded in the area considered* Younger strata, the 
Colorado group of early upper Cretaceous age, are involved 
in related folded and similar structures to the east near 
Bearmouth and Drummond. The broad outcrop patterns of Cam­
brian, Devonian and Mississippian formations near the nose 
of the syncline are attributed to gentle dip*
The Mount Baldy syncline and adjacent folded struc­
tures are believed to have originated as a result of great 
compressional forces acting perpendicular to the axis of 
folding with the major force coming from the southwest dur­
ing late Cretaceous time* During the major folding a large 
break thrust is thought to have developed for there is much 
drag along the leading edge of a large thrust block. Drag 
is exposed between Marcella and Dry Creeks ; pre-Cambrian 
quartzite and argillite beds dip to the north just south of 
the fault trace. Dip values of strata along the frontal 
zone of the thrust block vary considerably*
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Faults
The most pronounced tectonic feature is the Bearmouth 
thrust which traverses the northern half of the thesis area. 
It is a high-angle thrust fault dipping 50-65°8W and strik­
ing N65-70®W, roughly parallel to the Clark Pork Valley. 
Earlier Investigators of the general area have visualized 
thrust faulting with miles of northward displacement active 
in the past at an angle of approximately 30^, but the writer 
feels this may not necessarily be a valid concept because 
the thrust is at a much higher angle than had previously been 
supposed. A dip of 57° was measured on the thrust plane 
along Marcella Creek. High-angle thrust faulting is discern­
ible along the trace of the fault where it forms angular re­
lationships with underlying and overlying strata. The fault 
trace is irregular due partly to topographic expression of 
fault dip and partly to local irregularity in fault strike.
Quartzites and argillites of the Lower Missoula group 
have been thrust northward over quartzites, dolomites, and 
limestones of Cambrian, Devonian, and Mississippian age in 
the Nimrod area. Thrusting over Pennsylvanian and Creta­
ceous rocks occurs immediately east of the area near Bear­
mouth. The Bearmouth thrust has a stratigraphie throw of 
approximately 8,000 to 10,000 feet in the mapped area.
A 10 to 30-foot zone of quartzite breccia and high- 
angle slickensides occur along the fault scarp in Section 6,
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8, and 16. At various places along the fault contact, Cam­
brian beds have changed color because of alteration. Large 
calcite crystals were found in cavities of Cambrian rocks 
adjacent to the fault. Mineralization accompanied thrust­
ing, as evidenced by much hematite in the fault breccia and 
some copper minerals along the fault trace. There has been 
much weathering along the fault creating small depressions 
and saddles.
Thrusting is geographically related to the Mount Baldy 
syncline, and is believed to have occurred contemporaneously 
with the folding. It may well have been the cause of the 
folding for overturning of the McNamara formation and the un­
folded nature of the hanging wall block suggest drag. Two 
springs occur along the fault zone, one in Marcella Canyon 
and another at Bryne. The spring at Bryne issues forth 
along the Bearmouth thrust adjacent to a calcareous tufa 
deposit; it is ^ warm spring (72^P) and furnishes water for 
a swimming resort. The regional strike and dip of pre- 
Cambrian and Cambrian strata in the hanging wall block are 
N69^W and approximately 32®SW.
A large hi^-angle normal ( ? ) fault occurs in the 
southern part of the Nimrod area and trends N60-65^W. It is 
believed to have resulted from tension in the hanging wall 
of the Bearmouth thrust during early Tertiary time, for the 
fault is covered in places by unbroken middle Tertiary vol- 
canics in the Nimrod area and by Tertiary sediments southeast
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of the area.
The fault has stratigraphie throw of at least 10,000 
feet, up on the south. Cambrian formations on the north are 
juxtaposed with the Miller Peak formation on the south. 
Southeast of the area a large valley trending northwest- 
southeast contains the trace of the fault. More mapping 
will have to be done in adjacent areas to establish whether 
it is a normal or reverse fault ; from its surface expression 
it definitely appears to be a high-angle fault.
Small normal faults are common and are especially 
well exposed in highway and reilroad cuts. The faults trend 
north-south, dip between 45^ and vertical, and have small 
dip-slip displacements of 2 to 10 feet. Some show drag 
effects. (See Figure 16.)
The writer disagrees with the idea of there being a 
large fault extending from the southeast corner of the area 
to Bateman Creek as shown on the Geologic Map of Montana 
(Ross, Andrews, Witkind, 1955). No stratigraphie evidence 
of faulting was found in this area where a normal forma- 
tional sequence prevails. There is slight indication of 
faulting in that there is a moderately steep escarpment 
along the north face of the Cambrian formations and possi­
bly some breccia in Section 27.
In the northwest part of the area the structure is 
more complex; there is a high-angle fault which branches 
northward from the Bearmouth thrust.
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Reglonal Structural AnalysIs
The Coeur d ’Alene lineament is a great shear zone 
trending N60-65®W; it coincides roughly with the Clark Fork 
Valley and extends 300 miles from northern Idaho to Deer 
Lodge, Montana (Moody and Hill, 1956, p. 1223), Both the 
Osburn fault and the Bearmouth thrust occur in the Coeur d ’ 
Alene lineament. On the basis of Moody’s and Hill’s dis­
cussion of wrench fault tectonics (1956, p. 1223) the Os­
burn fault and its extension may be considered as a second 
order r i ^ t  lateral shear. This large wrench faulted area 
had its maximum compressional stress directions horizontal 
and from the northeast and southwest, its least principal 
stress direction vertical, and its intermediate stress 
directions horizontal in a northwest-southeast direction. 
Twelve miles of strike-slip movement has been suggested for 
the Osburn fault by XJmpleby (1924, p. 603) in the Coeur d ’ 
Alene mining district. There appears to have been no lat­
eral movement along the Bearmouth thrust in the Nimrod area 
because of the irregularity of the fault trace and possibly 
the fault plane.
The age of the Coeur d ’Alone lineament is late Cre­
taceous or early Tertiary. The writer speculates that the 
emplacement of the Boulder Batholith occurred during late 
Cretaceous time and that the structure in the Philipsburg 
area is closely related to the structure of the Nimrod area.
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Figure 15. pre-Cambrian Hellgate quartzite thrust over 
nearly vertically dipping Cambrian strata near Byrne.
Figure 16. Jointing sind small normal faults common in 
McNamara argillite, in Section 18.
- 4 9 -
The fact that the Coeur d ’Alene lineament is located in the 
hanging wall aide and at right angles to the Philipsburg and 
Lewis overthrusts led XJmpleby (1924, p. 614) to believe that 
these faults are not synchronous in time, although they do 
suggest an undetermined genetic relationship* Associated 
high-angle normal and reverse faults occur along the Coeur 
d ’Alene lineament and are believed to have followed thrust 
faulting and formed during early Tertiary time *
GEOLOGIC HISTORY
The geologic history and sequence of events of the 
Nimrod area can be interpreted from the lithology, thickness, 
extent, and structure of the rocks and from the physio­
graphy of the general region.
The earliest geologic event recorded in the area was 
the deposition of clastic sediments comprising the Missoula 
group. A great stratigraphie thickness of horizontal-bedded 
argillites and cross-bedded quartzites indicate that stream 
currents carried micaceous, muddy, sandy sediments to a 
shallow sea and deposited them on a rapidly subsiding delta 
or shelf area. Ripple marks in the red, green, and purple 
argillites of the Miller Peak and McNamara formations are 
evidence of deposition in intermittent shallow seas, lagoons, 
or lakes. Mud cracks and rain imprints formed also. The 
source area for the Proterozoic sediments is believed to be 
west of Montana. Deposition continued without major inter­
ruption through upper Proterozoic time.
At the close of pre-Cambrian time and during early 
Cambrian time, epeirogeny and mild orogeny were active. The 
Missoula group was gently uplifted, warped, and peneplaned, 
forming an extensive angular unconformity between the Sheep 
Mountain formation and middle Cambrian strata.
In the Paleozoic era middle Cambrian seas invaded the 
land and deposited coarse to fine sands in a broad geosyncline
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to form the Flathead quartzite• With continued advancement 
of the seas, fine, siliceous, and Impure calcareous sedi­
ments were laid down to make up the Silver Hill formation. 
The Hasmark formation originated from the precipitation of 
more pure limestone under deeper sea conditions.
As the epelrlc sea became more shallow because of 
regional uplift, rapid erosion of adjacent highlands re­
sulted In the deposition of the IntraformatIonal and edge­
wise conglomerate, shale, and argillaceous limestone of the 
Red Lion formation. Seas became slightly deeper, and im­
pure siliceous, laminated dolomite was deposited to form the 
upper part of the Red Lion formation. Interbedded limestone 
Indicates that the area was constantly submerged in middle 
and upper Cambrian time.
At the close of Cambrian time uplift occurred and the 
seas retreated. During Ordovician and Silurian periods the 
area was emergent and erosion took place in western Montana.
Following downwarplng of the land surface during mid­
dle Devonian time, a resubmergence and deposition of cal­
careous sandstones of the Maywood formation occurred. As 
the depth of the sea Increased, brown flaggy limestone and 
white dolomite accumulated.
During late Devonian time, the seas became deeper and 
pure black limestone beds were laid down conformably upon 
the Maywood formation. Approximately 1500 feet of Jeffer­
son dolomite was deposited. Abundant animal life lived in
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the sea as evidenced by fossil beds in the formation.
As the sea became deeper less argillaceous material 
of the Lodgepole formation was deposited and much chert pre­
cipitated as beds and lenses in massive beds of Mission 
Canyon limestone. The bordering lands are believed to have 
low relief. Over 1200 feet of nearly pure limestone was de­
posited in an extensive miogeosyncline during early Missis­
sippian time.
Upwarping occurred and karst topography developed on 
the surface of the Mission Canyon limestone prior to the 
deposition of the Amsden formation in late Mississippian and 
early Pennsylvanian time. The lithologie character changes 
abruptly from the Mission Canyon limestone to red, calcareous 
silts tones and limestones of the Amsden formation which are 
characteristic of shallow seas and much oxidation of the 
sediments.
Thick beds of Quadrant quartzite were probably de­
posited along the beach or border of the miogeosyncline.
Limy phosphate beds were deposited in a widespread, shallow, 
continental sea during Permian time.
Triassic and lower Jurassic sediments are not present 
in the area either because they were not deposited, or they 
were deposited and later removed by erosion.
During late Mesozoic time, the general region subsid­
ed as evidenced by the presence of shales and impure lime­
stones. Subsidence and local uplifts along a shoreline are
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Indicated by the presence of unconformities, basal con­
glomerates, and shales*
Younger continental sediments of Cretaceous age 
consisting of impure limestones.and shales are believed to 
have been deposited in the Nimrod area. They were removed 
because of uplift and erosion.
During late Cretaceous and early Tertiary time, the 
Laramide orogeny caused much diastrophism in the entire 
Northern Rocky Mountain area. The events which led to the 
emplacement of the Idaho and Boulder batholiths may have 
been related to much of the major folding and faulting in 
western Montana. In the Nimrod area large thicknesses of 
pre-Cambrian and Paleozoic sediments were compressed and 
thrust northward over younger Paleozoic and Mesozoic rocks. 
Injections of a diabase sill and a dike are believed to 
have accompanied the thrusting. High-angle normal faulting 
took place afterward in early Tertiary time.
Much igneous activity followed resulting in a series 
of extrusions of andésite porphyry, dacite porphyry, and 
olivine basalt which covered a rough weathered surface dur­
ing early and middle Tertiary time. The flows have since 
been dissected by erosion.
Tertiary sediments are absent ; although they may have 
been deposited in the Clark Pork Valley and later removed by 
erosion.
The area is believed to have been eroded to a surface
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of low relief during Tertiary time as evidenced by the 
accordant high-level summits. Most of the present day re­
lief is the result of broad Pliocene and much Pleistocene 
uplift and extensive erosion (personal communication, P. S. 
Honkala, June 8, 1958).
Terraces, 50 to 100 feet above the Clark Fork River, 
are covered with cobbles and boulders which indicate previous 
levels of the river. There is no evidence of glaciation in 
the Nimrod area; however, glacial Lake Missoula occupied the 
Clark Fork Valley. The Clark Fork River has since en­
trenched itself somewhat, and deposition of Recent flood- 
plain sediments has taken place *
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Mesozoic 
âleozo1^
pre-Cambrian
1. MIDDLE CRETACEOUS
Depositlonal sequence
2. LATE CRETACEOUS
Asymmetrical folding 
Northward thrusting 
Diabase Injection
3. EARLY-MIDDLE TERTIARY
High-angle faulting 
Extrusion of lava flows 
Erosion
4. LATE TERTIARY
Miocene
Uplift
(?) erosion
Figure 17. Idealized block diagrams showing probable 
evolutionary sequence of tectonic activity In the
area.
ECONOMIC POSSIBILITIES
Upper Devonian and Lower Mississippian strata may be 
potential sources of petroleum, but the synclinal structure 
is not favorable for oil entrapment.
One lead-zinc mine, three adits, several prospect 
holes, and evidence of placer workings were observed in the 
field and plotted on the map* Early attempts have been made 
to placer mine Tyler Creek and some Quaternary gravels on 
the east side of Dry Creek. No mining is being carried out 
at the present time in the Nimrod area, nor is there promise 
of future development.
Several prospect holes occur along the Bearmouth 
thrust zone adjacent to Devonian and Mississippian forma­
tions. They contain only small showings of secondary copper 
minerals, magnetite, hematite, and limonite. Lead and 
silver float has been found occasionally by local residents 
in the past. Small nodules of chalcopyrite were found in a 
quartz vein within the diabase sill west of Tyler Creek.
In Section 10 an abandoned lead-zinc mine was examin­
ed in a cliff of Jefferson limestone. Ore appears as fissure 
fillings and partial replacements of the limestone. Samples 
of ocherous galena were collected along a fault in a drift 
below a shaft. According to Maurice Weaver three or four 
carloads of lead-zinc ore were shipped from this mine to 
Missouri in 1920.
—56 —
*57 *
The most recent prospecting has been carried out on 
the south slope of Mount Baldy in the Miller Peak formation 
along the Bearmouth thrust* Six-inch veins of malachite 
containing some azurite and serpentine were noted in a 
trench* However, a quartz vein exposed by bulldozing in 
1956 has only minor showings of mineralization*
CONCLUSIONS
Sedimentary rocks in the Nimrod area range in age 
from upper Proterozoic to Recent and have a total thickness 
of at least 20,000 feet. Ordovician, Silurian, Triassic, 
Cretaceous, and Tertiary strata are missing in the mapped 
area. All formations of the pre-Cambrian Missoula group are 
present. Paleozoic and Mesozoic formations correlate with 
those in the Philipsburg Quadrangle. The stratigraphie 
thickness of the Missoula group appears to be less in the 
thesis area than in the vicinity of Missoula. Most of the 
Paleozoic foi*mations are thicker in the Nimrod area than they 
are in the Philipsburg area.
Pre-Cambrian and Cambrian sediments are predominantly 
clastic and were deposited in shallow seas. Devonian and 
Mississippian strata are composed mainly of fossillferous 
dolomites and limestones which were deposited under marine 
conditions. Late Paleozoic and Mesozoic formations repre­
sent near-shore deposits of sandstone, shale, and impure 
limestone.
The entire area was deformed during the Laramide oro­
geny in late Cretaceous and early Tertiary time. A general 
structural analysis of folding and faulting indicates that 
the major compressive forces were active in a north-south 
direction. These stresses produced Intense deformation of 
the area, including tight folding and northward thrusting,
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which were followed by normal (?) faulting and by volcanic 
extrusions during early and middle Tertiary time. Minor 
mineralization and injection of a thick differentiated dia­
base sill and a diabase dike accompanied diastrophism of 
the area. The major structural features of the Nimrod 
area, which trend N 6 5 - 7 0 ° W ,  include the Bearmouth thrust, 
the Mount Baldy syncline, and a high-angle normal (?) 
fault.
Any further geologic investigation should include 
mapping of the Cambrian formations and a more detailed study 
of the structure.
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